by ~5.5 log 10 units (Fig. 4C) . Surprisingly, virion associated μ 1 rearranged into an 201 ISVP*-like (i.e., protease sensitive) conformation concurrent with loss of infectivity (Fig. 202 4D, see 55°C lanes). Of note, (increased thermostability) (56, 59) . Each virus displayed no observable defects in 217 protein composition, protein stoichiometry, or particle size distribution (Figs. 5A and 5B) . (Fig. 4) (17, (26) (27) (28) (29) (30) (31) (32) (33) . T1L/T3D M2 ISVPs inactivated more 281 efficiently than T1L ISVPs. In contrast, virions of each strain were equally susceptible to 282 elevated temperatures (Fig. 4) . Despite the presence of (Fig. 5) . The dual layered architecture of reovirus 286 allowed for differential sensitivity to inactivating agents. The inner capsid (core) 287 exhibited significant thermostability (Fig. 7) . These results reveal a previously 288 undefined contribution from μ 1 in maintaining reovirus stability. 289
Reovirus maintains a balance between structural integrity and conformational 290 flexibility. Virions were less susceptible to heat inactivation than ISVPs (Fig. 4) confer ethanol resistance and reduce membrane penetration efficiency (57, 58, 62 outer shell is responsible for cell attachment and membrane penetration. The inner 331 most shell (or core particle) encapsidates the genome and remains intact following 332 entry. Thus, the viral mRNA is transcribed and subsequently released into the host 333 cytoplasm for translation (76, 77). The reovirus core particle exhibited significant 334 thermostability (Fig. 7) . The basis for this observation was unclear; however, 335 encapsidation is required for the polymerase to attain an active conformation (78). The 336 hyperstable nature may be necessary for transcription. Interestingly, full activity of the 337 related rotavirus polymerase is also dependent on the interaction with its cognate core 338 particle (79). Nonetheless, rotavirus is significantly less thermostable than reovirus 339 (80). The cause of this difference in heat resistance remains to be identified. 340 341 342
MATERIALS AND METHODS 343
Cells and viruses. Murine L929 (L) cells were grown at 37°C in Joklik's minimal 344 essential medium (Lonza) supplemented with 5% fetal bovine serum (Life 345 μ g/ml streptomycin (Invitrogen), and 25 ng/ml amphotericin B (Sigma-Aldrich). All virus 347 strains used in this study were derived from reovirus type 1 Lang (T1L) and reovirus 348 type 3 Dearing (T3D) and were generated by plasmid-based reverse genetics (81, 82) . 349
Mutations within the T3D M2 gene were generated by QuikChange site-directed 350 mutagenesis (Agilent Technologies). The The reactions were then incubated on ice for 20 min and quenched by the addition of 1 383 mM PMSF (Sigma-Aldrich). The digested particles were layered onto 1.3-to 1.5-g/cm 3 384 CsCl step gradients. The gradients were centrifuged at 187,000×g for 4 h at 4°C. 385
Bands corresponding to purified core particles (~1.44 g/cm 3 ) (84) were isolated and 386 dialyzed into virus storage buffer (10 mM Tris, pH 7.4, 15 mM MgCl 2 , and 150 mM 387 NaCl). Following dialysis, the particle concentration was determined by measuring the 388 optical density of the purified core stocks at 260 nm (OD 260 ; 1 unit at OD 260 = 4.4×10 12 389 particles/ml) (85). The generation of core particles was confirmed by SDS-PAGE and 390
Coomassie brilliant blue (Sigma-Aldrich) staining. 391 Zetasizer Nano S dynamic light scattering system (Malvern Instruments). All 395 measurements were made at room temperature in a quartz Suprasil cuvette with a 3.00-396 mm-path length (Hellma Analytics). For each sample, the hydrodynamic diameter was 397 determined by averaging readings across 15 iterations. 398 399 Cryo-electron microscopy and single-particle reconstruction. Purified virions of 400 T1L (9.6×10 13 particles/ml) or T1L/T3D M2 (4.0×10 13 particles/ml) were applied to glow 401 discharged, continuous carbon film coated 300-mesh copper grids (Electron Microscopy 402 Sciences). Samples were blotted for 4 s with filter paper and then plunged into liquid 403 ethane using an FEI Vitrobot. All samples were imaged at liquid nitrogen temperatures 404 using a JEOL 3200-FS electron microscope operating at 300 kV. Following the viral attachment incubation, the monolayers were washed three times with 430 ice-cold PBS and overlaid with 2 ml of Joklik's minimal essential medium (Lonza) 431 supplemented with 5% fetal bovine serum (Life Technologies), 2 mM L-glutamine 432 (Invitrogen), 100 U/ml penicillin (Invitrogen), 100 μ g/ml streptomycin (Invitrogen), and 25 433 ng/ml amphotericin B (Sigma-Aldrich). The cells were either lysed immediately by two 434 freeze-thaw cycles (input) or incubated at 37°C (start of infection). At the indicated 435 times post infection, the growth medium was supplemented with 20 mM AC 436 (Mallinckrodt Pharmaceuticals). At 24 h post infection, the cells were lysed by two 437 freeze-thaw cycles and the virus titer was determined by plaque assay. The viral yield 438 for each infection condition (i.e. timing of AC addition) (t) was calculated using the 439 following formula: log 10 (PFU/ml) t -log 10 (PFU/ml) input MgCl 2 , and 150 mM NaCl) and infectivity was determined by plaque assay. The change 450 in infectivity at a given temperature (T) was calculated using the following formula: 451 log 10 (PFU/ml) T -log 10 (PFU/ml) 4°C . Under each reaction condition, the titers of the 4°C 452 control samples were between 5×10 9 and 5×10 10 PFU/ml. The remaining 20 μ l of each 453 reaction were treated with 0.08 mg/ml trypsin (Sigma-Aldrich) for 30 min on ice. 7.4, 15 mM MgCl 2 , and 150 mM NaCl), and infectivity was determined by plaque assay. 468
Dynamic light scattering (DLS
The change in infectivity in the presence of 1% SDS was calculated using the following 469 formula: log 10 (PFU/ml) 42°C -log 10 (PFU/ml) 4°C . The change in infectivity in the presence 470 of 33% ethanol was calculated using the following formula: log 10 (PFU/ml) 37°C -471 log 10 (PFU/ml) 4°C or T1L/T3D M2 virions were incubated in virus storage buffer supplemented with 1% sodium dodecyl sulfate (A) or 33% ethanol (B) for 30 min at 42°C (sodium dodecyl sulfate incubation) or 37°C (ethanol incubation). The change in infectivity relative to samples incubated at 4°C was determined by plaque assay. Data are presented as means ± SDs. *, P ≤ 0.05 and difference in change in infectivity ≥ 2 log 10 units (n = 3 independent replicates). (C) Conformational changes. T1L or T1L/T3D M2 virions were incubated in virus storage buffer supplemented with 33% ethanol for 30 at the indicated temperatures. Each reaction was then treated with trypsin for 30 min on ice. Following digestion, equal particle numbers from each reaction were analyzed by SDS-PAGE. The gels were Coomassie brilliant blue stained (n = 3 independent replicates; results from 1 representative experiment are shown).
